Coarctation of the aorta was first corrected by Clarence Crafoord in 1944 in Sweden, when the area of coarctation was resected and an end-to-end anastomosis was performed in the aorta 1 . Since then, several surgical techniques have been developed aiming to correct the lesion, to normalize the level of systemic blood pressure, to prolong survival and to reduce the prevalence of residual or recurrent coarctation, which was significant at the time end-to-end anastomosis was performed. Among these techniques, isthmusplasty with or without a patch is included 2, 3 . Later on, the left subclavian artery was used as a graft, associated or not with the resection of the area of coarctation. This technique was called isthmusplasty with subclavian flap and it aimed to correct coarctations of the aorta when the anatomy was not adequate for the performance of end-to-end anastomosis, thus reducing the incidence of residual coarctation 4 . Mendonça et al 5 resectioned the left subclavian artery opening it longitudinally on its distal portion and reimplanted the artery in the area of coarctation, thus correcting the narrowed segment and preserving the flow to the left arm.
, after exeresis of the area of coarctation, associated the end-to-end anastomosis with widening of the aortic isthmus with the use of a flap of the left subclavian artery or its implantation at the site of the anastomosis. They considered the resection of the area of coarctation and the increase in the area of the anastomosis essential in small children in order to avoid a recurrence of coarctation.
Changes in the end-to-end technique have been introduced aiming to widen the hypoplastic aortic arch and decrease the recurrence of coarctation in children operated upon during the first year of life.
Extensive end-to-end anastomosis in the aortic arch consists of a long incision performed at the low segment of the isthmus and the aortic arch, which is subsequently anastomosed to the oblique incision in the distal aorta, resulting in a wide anastomosis 7, 8 . Follow-up of patients operated upon according to different techniques has shown a variable incidence of either recoarctation, systemic hypertension or both. Among the factors that contribute to the occurrence of recoarctation are: age at which surgery is performed the younger the child is (especially below six months), the greater the possibility of residual or recurrent coarctation and the lesser the probability of systemic hypertension. [9] [10] [11] [12] . When surgery is performed at older ages, the chances of success at late follow-up decrease and the rate of survival is lower due to the development of cardiovascular complications and a higher incidence of systemic hypertension (19.9% to 68%) when compared with that in the general population [11] [12] [13] [14] [15] . Even when surgery is performed in the neonatal period, the probability of developing hypertension later on is about 10% higher than it is in the normal population 11 . Brouwer et al 16 considered a low weight at the time of surgery as a more important risk factor for the recurrence of coarctation than the age at which the child undergoes surgery. Other factors, such as the technique used, the criteria used in the definition of recurrent coarctation, the morphology of the lesion and the time of follow-up after surgery are also important.
The best technique for the correction of the anomaly has been debated and data are controversial when different techniques, such as end-to-end anastomosis and isthmusplasty with subclavian flap are compared. Some authors 10, [17] [18] [19] suggest the use of isthmusplasty with subclavian flap in the first months of life because it provides a lower incidence of recurrent coarctation (4% to 7%) when compared with the end-to-end anastomosis technique (38% to 42%). However, others 9, 20 do not find any advantages to isthmusplasty with subclavian flap in terms of mortality or prevalence of recoarctation when it is compared with the end-to-end anastomosis technique, considering that the former has the disadvantage of the possibility of late narrowing of the isthmus tissue with consequent sequelea to the left arm. Beekman et al 21 in a study of both techniques in 125 patients who underwent surgery under one year of age noticed that the risk of re-operation in 10 years was about the same for both techniques. Although Knott-Craig et al 22 noticed a similar incidence of recurrent coarctation in neonates in whom the end-to-end anastomosis technique was used (16%) and in those in whom an isthmusplasty with subclavian flap was Maia et al Coarctation of the aorta corrected during childhood performed (13%), Messmer et al 23 , in a series of 53 infants under one year of age, showed a good surgical result both with the end-to-end anastomosis technique and the isthmusplasty with subclavian flap, with the prevalence of recoarctation ranging from 0 to 9%, respectively. In a recent study that we performed 24 , no statistical difference occurred between the prevalence of recoarctation among patients who underwent the end-to-end anastomosis technique and isthmusplasty with subclavian flap and whose ages ranged from 0 to 14 years. Messmer et al 23 also noticed that patients who underwent the aortoplasty technique with the use of a patch or the Mendonça technique had a high incidence of recurrent coarctation 42% and 43% respectively. These high figures were thought to be caused by a more severe form of the anomaly when the first technique was used and by a massive residual concentric thickening of the aortic wall and dislodgment of the left subclavian artery in the second technique. In this series, age at surgery was not a risk factor for recurrence of coarctation, and it was concluded that the surgical results of correction of coarctation of the aorta in the first year of life depend more on the anatomical features peculiar to the anomaly, which greatly determine the technique to be used, than to the technique itself.
Isthmusplasty with the use of a patch is associated with a high prevalence of recurrent coarctation (21% to 47%), especially when surgery is performed in the neonatal period or in the first year of life 22, 25, 26 .
Surgical mortality -In-hospital mortality in coarctation of the aorta varies according to the age at which surgery is performed and to the association of other complex cardiac defects. Different surgical techniques do not seem to influence mortality 10, 22, 23, 26 . When patients are operated upon in the neonatal period, in hospital mortality ranges from 0 to 14.4% for isolated coarctation, and from 15.2% to 25% for coarctation associated with complex heart diseases 19, 22, 27 . When children operated upon during the first year of life are considered, mortality ranges from 0 to 29% for isolated coarctation, and from 7.5% to 58% for coarctation associated with complex heart diseases 9, 18, 23, [28] [29] [30] .
Recoarctation -The concept of recoarctation is controversial and the ideal method for identifying it is also debatable. Recoarctation is considered to be present whenever the rest gradient at the stenosis in the anastomosis is higher than 20mmHg. More precisely, residual coarctation is defined by the presence of a gradient in the operated area in the early post-operative period when the patient is still in the hospital, but is defined by recurrent coarctation when it is detected after hospital discharge 16, 31, 32 . A peak gradient at rest greater than 20mmHg through the area of coarctation is the most used measurement for the detection of residual or recurrent coarctation 12, 19, 25, 27, [32] [33] [34] . However, no consensus exists about that, and gradients ranging from 10 to 30mmHg have also been used as reference point 18, [35] [36] [37] . Even if this parameter were accepted by all, some controversy would still exist, because the systolic gradient has been determined by different methods in several studies in the literature, such as: simultaneous measurement of the blood pressure in the superior and inferior limbs with a sphygmomanometer, instantaneous peak gradient by Doppler echocardiography or direct measurement by cardiac catheterization 12, [32] [33] [34] 38 . In addition, the development of collateral circulation also remains after surgery and may decrease the validation of the systolic gradient when it is used in isolation. Some surgical series 9, 20 have used the ratio between patients who underwent a second intervention for recurrent coarctation and those free of a second procedure as a criterion for the absence of recurrent coarctation. This is not appropriate and may underestimate or overestimate the prevalence of residual or recurrent coarctation 31 . Kirklin and Barrat-Boyes 31 believe that the diagnosis of recurrent coarctation can only be established with some accuracy through the use of an imaging method or the examination of the operated area. The lack of accuracy in defining the preoperative severity of the coarctation, in the definition of the degree of residual or recurrent lesions and in the establishment of the most reliable diagnostic method to measure it, make the follow-up of these patients and the comparison of different surgical techniques a complex task 38 . Another factor that complicates postoperative evaluation of coarctation of the aorta is the fact that it is not known how often recurrent coarctation is not a real residual lesion, because, although recurrence may develop, its detection by serial angiography or by other methods is infrequent 31 . In addition to the technical surgical problems involved, the hypoplastic segment between the common carotid artery and the left subclavian artery may contribute to the residual gradient. Some authors 39 believe that when hypoplasia of the aortic arch associated with coarctation occurs, reconstruction of the whole aortic arch is mandatory to decrease surgical mortality and the prevalence of recurrent coarctation, especially when associated complex intracardiac lesions or left ventricular dysfunction are present. Others [40] [41] [42] have demonstrated in well controlled studies in infants, who were operated upon using end-to-end anastomosis or isthmusplasty with subclavian flap, that a significant increase occurs in the hypoplastic aortic arch and that this increase is greater in patients operated upon in the first month of life. They suggest that reconstruction of the aortic arch in these cases is unnecessary. The late evolution in these patients has not been established, nor has the behavior of the hypoplastic aortic arch, when older children are operated upon. It is important to note that recurrent coarctation, both in children and in adults, is more common when the anatomy of the coarctation is not adequate for an end-toend anastomosis due to a segmental stenosis or the presence of an aneurysm on the aorta. 31, 32 . Taking all these factors into consideration, it is not surprising that such a variability in the prevalence of recurrent coarctation exists (5% to 60%); however, these figures have progressively decreased in more recent series 10, 12, 16, 27, 30, 33, 35 . Recoarctation is difficult to diagnose, especially in children, in whom measuring blood pressure is not always easy.
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In our recent study 24 , none of the noninvasive diagnostic methods (Doppler echocardiogram or MRI), when used in isolation, detected all cases of re-coarctation. Differences occurred in the gradients obtained by Doppler and by cardiac catheterization. This may be explained in part by the high sensitivity of the first method and by the presence of different degrees of hypoplasia of the aortic arch, since both of them can increase the gradient diagnosed by continuous wave Doppler. In addition, the instantaneous gradient obtained by Doppler echocardiography using the simplified Bernoulli equation and the maximal velocity at the area of coarctation is not always accurate due to several conditions. The simplified Bernoulli equation considers the proximal velocity to the obstruction to be negligible. This is reasonable for severe stenosis (>75%), and in mild stenosis the error can be corrected by considering the proximal velocity. However, exclusion of the proximal velocity in calculating the gradient by Doppler may overestimate it, especially when the gradient is small 43 . The proximal velocity to the coarctation may also be elevated due to high flow in the ascending aorta or high cardiac output 44 . However, other conditions are assumed to be present in the simplified Bernoulli equation, and, even when this is not so, they cannot be easily corrected. It is assumed that the pressure distal to the stenosis remains constant, which is true only for severe stenoses. In stenoses less than 75%, some pressure recovery occurs after the stenosis 45 . The Bernoulli equation does not take this pressure recovery into consideration and therefore overestimates the severity of stenoses of mild degree 43, 46, 47 . Experiments 45 have shown that in mild constrictions the pressure gradients can be overestimated by as much as 30% and in more severe stenoses turbulent flow occurs after the stenosis causing loss of pressure. Again Bernoulli equation does not consider this secondary loss of pressure and therefore underestimates the severity of important stenosis 48 . Theory as well as experiments 47 indicate that the coefficient of loss of the equation (K), usually considered as a constant value of 4.0 is in fact related to the severity of the lesion. The type of stenosis is also a factor that can contribute to errors in calculating the pressure gradient when the simplified Bernoulli equation is used 48 . Oshinski et al 47 in an in vivo and in vitro study concluded that in mild stenosis, the K loss coefficient is less than 4.0 and that in severe stenosis K is higher than 4.0. Data from the literature are controversial in terms of the degree of correlation between the peak instantaneous gradient obtained by Doppler echocardiogram and the peakto-peak gradient obtained by cardiac catheterization. However, several authors 46, 49, 50 have shown that the peak instantaneous gradient by Doppler is higher than the gradient obtained by cardiac catheterization and by sphygmomanometer in patients with coarctation of the aorta.
Although the Doppler-measured gradient is an important method in the early and late post-operative evaluation of coarctation of the aorta, it has some limitations in patients with less severe forms of stenosis, in the presence of high cardiac output, in patients with systemic hypertension or aortic regurgitation, in the presence of ascending aortic dilation, as well as in patients with tortuous segments or stenoses in other areas besides the site of anastomosis.
In addition to this, it has also been observed in six patients who underwent surgery 51 that the whole aortic arch was hypoplastic with a local systolic gradient. Hypopolasia of the distal transversal aortic arch and of the isthmus in coarctation of the aorta has also been observed in fetal ultrasound in isolated coarctation of the aorta and also when it is associated with other cardiac defects 52, 53 . In a recent study 24 , we showed that hypoplasia of the aortic arch in operated coarctation of the aorta is not rare when it is associated with other cardiac anomalies and that a significant gradient can exist in the hypoplastic aortic arch with or without recoarctation.
To differentiate recoarctation from a hypoplastic aortic arch is not easy, because both entities have similar clinical presentations. It seems clear that true recoarctation is much rarer and that hypoplasia of the aortic arch also contributes to the aortic gradient in the postoperative period 24, 51, 54 . The presence of hypoplasia of the aortic arch in the postoperative period of coarctation suggests that primary abnormalities of the aortic wall can exist that limit its growth and elasticity, as can a greater percentage of collagen than of smooth muscle, as observed by some authors 55, 56 . At the same time, these abnormalities predispose the aorta to the development of dilations and aneurysms.
The use of MRI has shown to be a very important in the study of operated coarctation of the aorta due to the great resolution and the sharpness of the images obtained in different views and also to the high correlation between images and measurements obtained by cardiac catheterization [57] [58] [59] . In addition to this, radiation or ionizing contrast are not used with MRI. However, the time required to perform the examination -approximately 30 minutes -the high cost and the necessity to use general anesthesia in children under six years of age limit its use in the routine evaluation of these patients. Another problem is that, in some cases, it is not possible to visualize the whole aorta in only one section. MRI is an effective method for evaluating the anatomical results after surgery for coarctation of the aorta, and it spares the patient having to have repeated cardiac catheterizations 60 . Some authors 61 recommend that all operated patients should undergo an MRI every five years when symptoms exist or when other methods have identified any complications. In a recent study by Oshinski et al 47 it is suggested that MRI be used as a complete diagnostic method in the evaluation of coarctation of the aorta, because with MRI the severity, site and the gradient at the stenosis can be established with confidence.
The incidence of recoarctation reported by several authors according to different surgical techniques is variable, depending on age and weight at the time of surgery and on the duration of follow-up. In our recent study 24 , no statistical difference occurred in the distribution of patients with recoarctation according to age at the time of surgery.
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This is not in agreement with other authors 10, 12, 62 , who consider that recoarctation is more frequent in patients operated upon during the first year of life, especially in the first six months. However, others 23, 63 have not found any relationship between age at the time of surgery and recoarctation. More recently, some authors 30 have concluded that elective surgery for coarctation of the aorta can be performed with a low probability of recoarctation (5%) in the first year of life, if the neonatal period is excluded. In Brazil, Barbero-Marcial et al 64 reported a 5.9% incidence of recoarctation in 17 patients operated upon in the first year of life who were followed for seven years. The progressive decrease in the incidence of recoarctation in patients operated upon in the first year of life may be due to an improvement in surgical techniques and in the type of suture that has been developed in recent years, as well as greater experience in performing surgeries.
The reasons why recoarctation develops are not well understood and several factors seem to be related to it: small patch, inadequate growth of the aorta at the line of suture of the anastomosis, nonresection of the peri-ductal tissue and of the crista that continue to involve and obliterate the aortic lumen 18, 20 , proliferation of the anomalous mesodermic tissue, which causes significant medial and intimal proliferation of the artery and constriction of the nonexcised ductal tissue [65] [66] [67] . In addition to this, some authors 68 consider that a rapid recurrence of coarctation of the aorta may be due to thrombi in the line of the suture. Technical factors are also responsible for recoarctation, such as insufficient resection of a hypoplastic aortic segment followed by an end-to-end anastomosis or excessive tension on the suture line due to inadequate mobilization of the aorta above and below the coarctation.
Other technical causes are: inadequate modeling of the Dacron patch or of the subclavian artery, grafting of a small tube or its kinking, residual hypoplastic segment of the aortic arch, usually between the common carotid and the left subclavian arteries, and tubular hypoplasia 31 . In addition to these factors, incomplete correction of associated cardiac lesions helps maintain hypoplasia of the aortic arch.
Treatment of these complications can be performed by balloon angioplasty, as well as by some recent and promising techniques that have been incorporated into the treatment of hypoplasia of the aortic arch and recoarctation, such as placement of an expandable stent that can stretch as the child grows 69, 70 .
Systemic arterial hypertension -Correction of the coarctation of the aorta decreases the prevalence of late hypertension, as reported in several studies in the literature, ranging from 11% to 68%, according to the studied range of age, time of follow-up and the criteria used for the definition of systemic arterial hypertension, which complicates the comparison of different existing studies 14, 29 . Clarkson et al 63 observed that the frequency of hypertension decreased significantly between one and two years after surgery and that the majority of patients had normal blood pressure between five and ten years after surgery, which Presbitero et al 14 also observed. In addition to this, the prevalence of hypertension was significantly greater among patients operated upon after 20 years of age when compared with that of patients operated upon between 5 and 19 years of age. However, after longer periods of follow-up, an increase occurred in the proportion of patients from all ages. Koller et al 13 studied 362 patients who had been operated upon during the first days of life and as late as 64 years of age and followed these patients for approximately 23 years. They detected a preoperative prevalence of 82.5% of hypertension against a late follow-up prevalence of 25%. During clinical follow-up, hypertension among patients who had been operated upon before ten years of age decreased even more, but remained constant among older patients. The prevalence of hypertension among patients operated upon between 2 and 9 years was 10.0%, which was significantly lower than that observed in patients operated upon after the age of ten (30.7%). In a recent study with a follow-up period after surgery longer than ten years, Amaral et al 71 observed a 19% prevalence of hypertension in patients who had surgery during the first year of life and 28% among patients operated upon after 11 years. In our study 24 , the prevalence of hypertension at rest was 38.24% in 102 patients who were followed for an average of four years after surgery. No statistical difference occurred among patients of different ages (0 to 14 years). Lerberg et al 29 found prevalence of 23.52% and 21.15% of hypertension in patients who had had surgery before one year of age and after ten years of age, respectively. On the other hand, several studies showing a lower prevalence of hypertension, used as a minimal value higher values than those currently accepted as normal for adults and children 14, 15, 72 . Few studies have been conducted about the behavior of blood pressure in coarctation of the aorta in children below five years of age, and controlled studies are needed.
Causes of systemic hypertension in the late postoperative period of correction of coarctation of the aorta are not well established, and even patients who are normotensive at rest and have no recoarctation may have a hypertensive response during exercise 64, 73 . Several hypotheses have been suggested to explain why hypertension may persist even after a successful correction of the coarctation has been performed. Late correction has been shown to be a risk factor for hypertension 35, 64, 72 . The surgical technique that was used, recoarctation or significant hypoplasia of the transversal aortic arch, have also been shown to be the cause of late hypertension 10, 35, 74 . Studies by Gidding et al 75 suggest that an abnormal reactivity of resistance vessels proximal to the coarctation may occur when vasoconstrictors such as epinephrine are used. More recently, Ross et al 76 noticed a higher concentration of epinephrine and of serum renin at peak exercise in operated hypertensive patients than in normotensive patients, suggesting that a hypertensive response to exercise in these patients may be the result of peripheral vasoconstriction secondary to the increase of the sympathetic activity and of the serum renin. On the other hand, Simsolo et al 73 , in a study of the mechanisms of arterial hypertension in children successfully operated upon for correction of coarctation of the aorta and presenting with essential hypertension, concluded that the hyperactivity of blood pressure after coarctectomy was not related to abnormalities of the autonomous nervous system or to the renin-angiotensin-aldosterone axis. Late arterial hypertension may be related to baroreceptor dysfunction or to primary abnormalities of the arterial wall. Gardiner et al 77 detected a decreased response to vasodilators and to distal occlusion and release of the right brachial arteries of normotensive patients who had undergone surgery for correction of the coarctation. Functional abnormalities of central and peripheral vessels are suggested as an explanation. These authors emphasize that an abnormal vascular response was not related to the age at which surgery was performed, being observed even in patients who had had surgery in the neonatal period. Some authors 55 have detected a higher quantity of collagen than smooth muscle proximal to the area of coarctation in the aorta, as well as less in vitro contractility of these aortic segments in response to epinephrine. They concluded that the pre-coarctation wall of the aorta is stiffer than the wall distal to the coarctation, which may influence baroreceptors on the proximal vessels towards tolerating higher pressures. Recently, these factors have been confirmed by Ong et al. 78 Xu et al 79 have also observed by intravascular ultrasound, associated with arterial pressure measurement by catheterization, that the index of stiffness at the site of coarctation and on its proximal segment was significantly higher than in the distal segment and this was not changed by balloon dilation. It is then suggested that this abnormal stiffness of the segment proximal to the coarctation may contribute to the occurrence of hypertension in these patients. Others 77 have speculated that the arterial vascular abnormalities found on the proximal precoarctation vessel may be present many years after surgical correction of the coarctation and that these abnormalities may be irreversible. Recently, Machii and Becker 56 quantified collagen density by microdensitophotometry and the positivity of alpha-actin for the smooth muscle by means of immunohistochemistry. The number of elastin shelves in the transversal aortic arch was high. In addition to this, they also compared their data with those obtained previously in normal aortas and concluded that both the hypoplastic segment and the ascending aorta from specimens with coarctation of the aorta had a higher quantity of collagen than normal specimens. These findings show that late arterial hypertension in operated coarctation of the aorta is the result of a complex interaction between arterial structural factors and physiopathological factors that have not been well elucidated yet and that may persist, independently of correction of the anomaly or the age at which it is performed. It is not simply the result of residual coarctation.
Other complications -Among the late complications of operated coarctation there is a high incidence of aortic aneurysms in patients who undergo aortoplasty with a patch, ranging from 24% to 38%, according with some authors 80, 81 . However, Knyshov et al 82 detected an incidence of aortic aneurysms of 5.4% in a series of 891 operated patients, which was predominant in patients in whom an aortoplasty with a patch had been performed. These authors emphasize that aneurysms are more frequently observed in prolonged follow-up. Among the factors that contribute to aneurysm formation are: tension on the aortic wall contralateral to the wall where the patch was placed, which is less compliant; local inflammatory response to the Dacron patch; and persistence of the ductal tissue at the site of the anastomosis, which provides fragile support for the suture and a tissue that is more susceptible to the increase in tension of the aortic wall 81, 83 , which favors the development of this complication.
Left ventricular function -Before the seventies, it was not known if infants who presented with decreased left ventricular systolic function secondary to the prolonged pressure overload and who needed early correction of the coarctation of the aorta, would maintain a permanent systolic dysfunction, in spite of successful correction. Graham et al 84 noticed, in a small number of patients, that systolic function was normal or even increased in patients who had been operated upon for correction of coarctation and who had had systolic dysfunction preoperatively. They then concluded that abnormalities in left ventricular function in children in their first year of life were greatly related to the increased afterload and that they did not indicate a permanent compromise of the contractile left ventricular systolic function. More recently, Krogmann et al 85 noticed that both in patients operated upon in the first year of life or later left ventricular systolic function was normal, although infants had severe left ventricular dysfunction before. Both studied groups showed persistence of mild myocardial hypertrophy after correction of the coarctation, which was thought to be the result of the gradient at the site of coarctation during exercise. Other authors 78, [86] [87] [88] , however, detected a persistent increase in the mass index of the left ventricle and normal systolic and diastolic function only in patients who had had surgery before one year of age, however those who had had surgery later on showed an increase in mass, abnormal diastolic function and increased left ventricular systolic function.
In our study, 24 some of the patients operated upon at a mean age of 1.23±1.37 years and with ventricular contractility below normal (EF≤0.65) had significant improvement in left ventricular contractility. This is clinically relevant, because it has implications for the indication for surgery. In addition to this, it is believed that severe systolic dysfunction occurs only in neonates or in the first months of life 84 . This was not confirmed by this study, in which children above two years of age had severe left ventricular systolic function, which significantly improved after correction of the coarctation and of the associated lesions. Thus, correction of the obstruction is very important, even in older children with left ventricular systolic dysfunction, because left ventricular contractility tends to normalize. Some authors 78, 87, 89 noticed persistent hyperkinesis of the left ventricle in patients who had a late surgery, that is, with a mean age older than five years.
